INTRODUCTION {#sec1-1}
============

The Red Sea sponge *Callyspongia siphonella* (Family Callyspongiidae) was collected by scuba diving around Jeddah, Saudi Arabia. It is considered a potential source of different molecular architectural metabolites which belong to different classes, including steroids, triterpene, and acetylenic derivatives.\[[@ref1][@ref2][@ref3]\] The antimigratory effect of sipholenol A and its analogs against the highly metastatic human breast cancer cells MDA-MB-231 in a wound healing assay were previously reported.\[[@ref4][@ref5]\] Three sipholanetriterpenes enhanced the cytotoxicity of several P-gp substrate anticancer drugs.\[[@ref6][@ref7]\] We have also reported a cytotoxic activity of sipholenone A, sipholenol A, and sipholenol L against A549 (Human Lung Carcinoma), MCF-7(Human Breast Adenocarcinoma) and PC-3 (Human Prostate Cancer).\[[@ref8]\] Further, we have shown an observable activity against Caco-2, and HT-29 and HepG2 cells.\[[@ref9]\] In continuation of our phytochemical and biological evaluation of *C. siphonella*, the present study was designed to explore the potential cytotoxicity of its bioactive metabolites against the human colorectal cancer cells HCT-116.

MATERIALS AND METHODS {#sec1-2}
=====================

General experimental procedures {#sec2-1}
-------------------------------

Sulforhodamine-B was purchased from Sigma-Aldrich (St. Louis, MO, USA). RPMI-1640 medium, heat-inactivated fetal bovine serum, streptomycin, penicillin, and other cell culture materials were purchased from Invitrogen (Carlsbad, CA, USA). Other reagents were of the highest analytical grade.

Sponge material {#sec2-2}
---------------

The colonial tube-sponge, previously *Siphonochalina siphonella*, and was renamed by Dr. Rob van Soest to be *C. siphonella*, family: Callyspongiidae. Holotype; *Callyspongia* was collected from the Red Sea coast, North of Jeddah, Saudi Arabia (21°29'33"N 39°11'25"E), at a depth of 5-10 m (January, 2013). The sample was collected and identified by Dr. Yahia Folos, Faculty of Marine Sciences, King Abdulaziz University. After collection, this material was immediately subjected to extraction. A voucher specimen (SC-2013-10) was deposited in the Faculty of Science, King Abdulaziz University, Jeddah, Saudi Arabia. The colonial tube-sponge has viviparous; light beige in color, as several tubes fused together, and have a soft consistency due to the absence of spicules.

Extraction and isolation of compounds {#sec2-3}
-------------------------------------

The dried sponge material (105 g) was extracted with 3 × 8 l of CH~2~ Cl~2~/MeOH (1:1, v/v), 24 h for each batch, at room temperature. The extract was concentrated under reduced pressure to provide 22.75 g of viscous oil. The residue was partitioned between diethyl ether and water, the organic layer was homogenized with small amounts of aluminum oxide and CHCl~3~, poured onto an aluminum oxide column (diameter 50 cm; length 100 cm), which was eluted with gradients from n-hexane to diethyl ether and from n-hexane to ethyl acetate; 200 fractions (\~20 ml each) were collected. Similar fractions were pooled, according to their TLC behavior, into eight samples (P-A to P-I), employing a UV254 lamp and/or 50% sulfuric acid in ethanol as spraying reagent for detection of spots. All compounds were purified by preparative TLC (PTLC) and re-purified by employing Sephadex LH-20 (Amersham Pharmacia, Uppsala, Sweden), if appropriate, using a mixture of MeOH/CHCl~3~ (9:1). Sample P-B (n-hexane/diethyl ether, 6:4; 25 mg) was purified by PTLC on aluminum oxide using n-hexane/diethyl ether (7:3), yielding 1 (23 mg). Sample P-C (n-hexane/diethyl ether, 4:6; 15 mg) was purified by PTLC on aluminum oxide using n-hexane/diethyl ether (1:1), yielding two compounds, i.e., 2 (R~f~ 0.45; 3 mg) and 3 (R~f~ 0.31; 5 mg). Sample P-C (n-hexane/diethyl ether, 5:5; 100 mg) was purified by PTLC on aluminum oxide using n-hexane/diethyl ether (6:4), yielding 4 (3 mg). Sample P-B (n-hexane/diethyl ether, 4:6; 10 mg) was purified by PTLC on aluminum oxide using n-hexane/diethyl ether (7:3), yielding 5 (23 mg). Sample P-C (n-hexane/diethyl ether, 4:6; 15 mg) was purified by PTLC on aluminum oxide using n-hexane/diethyl ether (1:1), yielding two compounds, i.e. 6 (R~f~ 0.45; 2 mg).

Cell culture {#sec2-4}
------------

Cell lines were obtained from the National Cancer Institute (Cairo, Egypt). HCT-116 (human colon cancer cell lines) was maintained in RPMI-1640 medium supplemented with 100 μg/mL of streptomycin, 100 units/mL of penicillin and 10% of heat-inactivated fetal bovine serum (Invitrogen) in a humidified atmosphere containing 5% (v/v) CO~2~ at 37°C.

Antiproliferation assay {#sec2-5}
-----------------------

The sulforhodamine-B (SRB) assay was used to assess the potential antiproliferative effects of compounds at different serial concentrations for 72 h. Then, cells were treated as previously described.\[[@ref13]\]

Cell cycle analysis {#sec2-6}
-------------------

The HCT-116 cells were seeded at a density of 3 × 106 cells/mL RPMI-1640 mediumin T-75 flasks for 24 h and then exposed to the respective compounds at their IC~50~ concentration for 24 h. Cell cycle progression was assessed using DNA flow cytometer (BD Biosciences) exploiting CELLQUEST software (Becton Dickinson Immunocytometry Systems, San Jose, CA, USA). The method is based on univariate analysis of cellular DNA content following cell staining with propidium iodide (PI).\[[@ref14]\]

Immunocytochochemical staining {#sec2-7}
------------------------------

Cells were cultured on sterile cover slips (22 mm2; Harvard Apparatus, Holliston, MA, USA) in sterile six well plates at a density of 2 × 105 cells/well. After 24 h, cells were exposed to the respective test compound at its IC~50~ concentration in fresh medium for 24 h. At the end of the exposure, cells attached to the cover slips were washed with PBS (Phosphate Buffered Saline), and fixed with 3.7% paraformaldehyde for 10 min, permeabilized with 0.25% Triton X-100 in Tris-buffered saline containing 0.01% Tween 20 (TBST) for 10 min, and blocked for 1 h with 5% goat serum in TBST. Fixed cells were incubated overnight at 4°C with cyclin D1 rabbit monoclonal antibodies (mAb), cyclin B1 rabbit mAb or cleaved caspase-3 rabbit mAb (Cell Signaling Technology, Danvers, MA, USA) at a dilution of 1:500 in blocking solution, followed by secondary anti-mouse Alexa fluor-488 (Invitrogen) and Cy3-goat anti-rabbit antibody (Jackson Immuno Research, West Grove, PA, USA) at 1:1000 dilution in the blocking solution for 1 h at room temperature. 4',6'-Diamidino-2-phenylindole dihydrochloride (DAPI) (Sigma-Aldrich) was used as nuclear counter stain. The cover slips with attached cells were then mounted on a glass slide with antifade mounting medium and viewed with a Leica epifluorescence microscope DM 5500 B (Buffalo Grove, IL, USA) at a magnification of 60 ×, and data were captured digitally and quantified using the software provided with the microscope.

Statistical analysis {#sec2-8}
--------------------

Data are presented as the mean ± SEM. Statistical analysis was performed using one-way analysis of variance (ANOVA) followed by Tukey-Kramer as a posthoc test. The 0.05 level of probability was used as the criterion of significance, the statistical analysis and the Graphs were created using Graph Pad Prism software version 5 (Graph Pad Software Inc, CA, USA).

RESULTS AND DISCUSSIONS {#sec1-3}
=======================

Six metabolites-callyspongenol D (1), callyspongendiol (2),\[[@ref10]\] ergosta-5, 24 (28) dien-3β-ol (3),\[[@ref13]\] sipholenone A (4), sipholenol A (5),\[[@ref12]\] and sipholenol L (6)\[[@ref2]\] have been identified \[[Figure 1](#F2){ref-type="fig"}\]. Chemical structures were determined by comparing NMR spectra with reported data.\[[@ref10][@ref11][@ref12]\] The antiproliferative effects of all compounds were evaluated against human colon cancer cells (HCT-116) by employing SRB assay. IC~50~ (μM ± SD) values of 4-6 were 95.8 ± 1.34, 14.8 ± 2.33, and 19.8 ± 3.78, respectively, whereas compounds 1-3 showed IC~50~ values more than 100 μM. Siphenone A (4), sipholenol A (5), and sipholenol L (6) showed moderate activity against HCT-116 cells with IC~50~ values of 14.8 ± 2.33 and 19.8 ± 3.78 μM, respectively, compared to 6.0 ± 0.02 μM for doxorubicin. Based on these data, the activity of compounds 5 and 6 were further substantiated via assessing possible underlying mechanisms. The preliminary mechanism of action of the active compounds was evaluated by assessing cell cycle phases using DNA flow cytometry. The data in [Figure 2](#F3){ref-type="fig"} revealed that exposure of cells to both compounds in their IC~50~ for 24 h resulted in an interference with the normal cell cycle distribution. The two compounds significantly increased the proportion of cells in pre-G phase for 2.57- and 5-folds, respectively, compared to control. Accumulation of cells in pre-G phase, which was confirmed by the presence of a pre-G peak in the cell cycle profile analysis, may result from degradation or fragmentation of the genetic materials, indicating a possible role of apoptosis in these compound-induced cancer cell deaths. Furthermore, both compounds increased significantly G~2~/M-phase and S-phase cell populations with subsequent decrease in G1 cell population, indicating S and G2/M arrest \[[Figure 4](#F5){ref-type="fig"}\].

![Structures of the isolated compounds (1-6)](PM-13-37-g002){#F2}

![Effect of *Callyspongia siphonella* triterpenoids on the cell cycle of HCT-116 cells. Cells were exposed to sipholenol-A (b) and sipholenol-L (c) for 24 h and compared to control cells (a). Cell cycle phases were determined by DNA cytometry and plotted as percent of total events (*n* = 3)](PM-13-37-g003){#F3}

To further investigate the mechanism of the observed triterpenoidal-induced cell death, expression of cyclin-B1, cleaved caspase-3, and cyclin-D1 were assessed using immune-fluorescence assay after exposing HCT-116 cells to sipholenol-A and sipholenol-L in IC~50~ concentration for 24 h \[[Figure 3](#F4){ref-type="fig"}\]. Both compounds significantly increased the expression of cyclin-B1 with concomitant accumulation in the nucleus. Localization of cyclin B1 to the nucleus is among the factors determining the cellular decision to undergo apoptosis in response to DNA damage. Additionally, expression and nuclear localization of cleaved caspase-3 is an important apoptosis marker. Immunocytochemical assessment of cleaved caspase-3 showed significant overexpression after treatment with sipholenol-A, and sipholenol-L. Taken together, this explains the significant increase in cells in pre-G phase detected by DNA flow cytometry. On the other hand, sipholenol-A (5) and sipholenol-L (6) significantly increased the expression of cyclin-D1. Cyclin-D1 is a cell cycle check protein that can form a complex with different cyclin-dependent kinases such as Cdk2, 4, 5, and 6, allowing cells ultimately to proceed from G~0~/G~1~ phase to S-phase \[[Figure 4](#F5){ref-type="fig"}\]. Thus the ability of both compounds to induce significant decrease in cell G~0~/G~1~-phase cell population and significant increase in S-phase population might be attributed to the overexpression of cyclin-D1 \[[Figure 2](#F3){ref-type="fig"}\].

![Effect of sipholenol-A and sipholenol-L at their respective IC~50~ concentration on the levels of cell cycle regulatory proteins in HCT-116 cells after 24 h of incubation. Cyclin-B1, cyclin-D1, and cleaved caspase-3 were assessed inmmunocytochemically (red), and cells were counterstained with nuclear DAPI stain (blue)](PM-13-37-g004){#F4}

![Quantitation of fluorescence intensity sipholenol-A and sipholenol-L on cylin-B1, cyclin-D1, and cleaved caspase-3. AU: arbitrary units. \*denotes significantly different from control at *P* \< 0.05.](PM-13-37-g005){#F5}

CONCLUSIONS {#sec1-4}
===========

Six metabolites (1-6) have been obtained from the organic extract of *C. siphonella*. All compounds showed moderate to weak cytotoxic activity against HCT-116, and the moderate cytotoxic activity was observed with 4-6 as IC~50~ values (μM ± SD) were 95.8 ± 1.34, 14.8 ± 2.33, and 19.8 ± 3.78, respectively. The effect of the tested compounds on cell cycle distribution and their ability to induce apoptosis were investigated. Cell cycle analysis revealed that sipholenol-A (5) and sipholenol-L (6) induced G2/M and S phase cell cycle arrest with concomitant increase in the pre-G cell population, indicating a possible role of apoptosis. Furthermore, sipholenol-A (5) and sipholenol-L (6) increased nuclear expression of the pro-apoptotic protein-cleaved caspase-3 that effectively drives HCT-116 cellular apoptosis via caspase-3-dependent pathway. In conclusion, the observed antiproliferative activity of 5 and 6 can be attributed, at least partly, to their ability to induce cellular apoptosis.
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